Introduction
It is well known that the generation of strong earthquakes is a result of seismic slip on large seismic faults and that the seismic energy (and seismic moment) released by an earthquake is proportional to the dimensions of the ruptured fault and to the slip on this fault (Aki, 1966) . It is also known that fault rupture is due to the relative movement of huge crustal blocks (Reid, 1911) .
The largest earthquake in a region (characteristic earthquake) is due to the break of the largest (main) fault of this region and this break is repeated at relatively long time intervals (Schwartz and Coppersmith, 1984) . Smaller earthquakes occur more frequently by rupture of parts (segments) of the main fault or of smaller faults in the nearby region (vicinity of the main fault). The region which includes the main (largest) fault as well as the nearby smaller faults and has a (linear) dimension equal to the length of the main fault is called focal region in the present work.
Much work has been done to locate and study seismic faults in the Aegean area by using seismological and geological data. Thus, Papazachos and his colleagues (2001) combined seismological and geological data to determine properties of 159 seismic faults where 567 strong shallow earthquakes occurred in the Aegean area since antiquity.
The purpose of the present paper is to use seismological data (location of earthquakes, fault plane solutions) to define focal regions and the corresponding main faults where all known strong (M≥6.0) earthquakes with depth h≤100km occurred since 464 BC in the Aegean area 
The Data
The data used in the present study are instrumental, which concern earthquakes that occurred in the Aegean area since 1911 when the first seismograph was installed in Athens (a two-horizontal component Mainka type mechanical seismograph), and historical, which concern strong earthquakes (M≥6.0) that occurred in the same region since 464 BC. The parameters (origin time, epicenter coordinates and magnitude) for the instrumental period are based mainly on seismographic records and partly on macroseismic information (Papazachos et al., 2009 ) while these parameters for historical earthquakes are entirely based on macroseismic information (Papazachos and Papazachou, 2003) .
The data required for the present study must be accurate to a reasonable degree and homogeneous in respect to the magnitude of earthquakes. These data must also be complete, that is, the data sample used must include all earthquakes which occurred in a certain region during a certain time interval and have magnitudes larger than a certain value. Accuracy concerns location of earthquake focus and earthquake magnitude. The present study deals with shallow (h≤60km) and intermediate-depth (60km<h≤100km) earthquakes. The error in the epicenter coordinates is about 20 km. The error in the magnitude is 0.3 or less. All magnitudes are in the moment magnitude scale. Completeness of the instrumental data is as follows:
That is, the data samples include all earthquakes which have moment magnitude equal to or larger than 5.2 and occurred in the Aegean area between 1. 1.1911 and 31.12.2008 . The completeness for the historical data (464BC-1910) is examined in section (7). The earthquake catalogues used in the present study can be found at the site http://geophysics.geo.auth.gr/ss/station_index_en.html/.
Determination of Focal Regions in the Aegean
The focal region of a shallow mainshock is defined, in the present work, as the part of the seismogenic layer which cuts the earth's surface in a circle with center, E, the epicenter of the mainshock and radius equal to the half of the length of the fault ruptured during the generation of the mainshock (the focal region, actually, is a cylindrical part of the crust with height equal to the thickness of the seismogenic layer). In a first approximation the length, L (in km), of the faults in the Aegean area is given by the relation:
where M is the moment magnitude of the earthquake (Papazachos and Papazachou, 2003) . Relation (2) is used to calculate the fault length, L max , of the largest earthquake ever occurred in the focal region and the radius of this focal region is R=L max /2. Smaller mainshocks also occur in the focal region by rupturing of other smaller faults or parts of the main fault. Thus, to determine E and R for each focal region of the Aegean area the following procedure has been applied by using the earthquake catalogue (M≥6.0 since 464BC, M≥5.2 since 1911) described in section (2).
First, the epicenter of the largest earthquake of the catalogue is considered as the center, E, of the largest focal region in the Aegean and its magnitude is used to calculate L by relation (2) and the radius R (=L/2) of this region. All earthquakes with epicenters within this region are excluded from the original catalogue and the same procedure is applied in the remaining part of the catalogue to determine the second largest focal region in the Aegean area. This procedure is repeated for the third, fourth, etc. largest focal region of the Aegean till all earthquakes with M≥6.0 are excluded from the catalogue. In cases when more than one earthquakes of equal magnitude are the largest in the remaining catalogue, they are sorted by decreasing origin time and the corresponding focal regions are defined in this order, i.e. the most recent largest earthquake is firstly considered, then the second most recent largest earthquake, etc. For the mainshocks of the catalogue with M<6.5 the radius of the focal region based on relation (2) is within the error range of the epicenter location. For this reason, in such cases this radius is taken equal to 15 km. It must be also noted that the well documented earthquakes in the Aegean area have moment magnitudes M≤7.6. For this region the maximum radius of the focal regions in the Aegean area was considered equal to 53 km. There are, however, two earthquakes in the catalogue (365 A.D., 1303) for which larger magnitudes have been estimated, but such big earthquakes have a very large return period (~1000 yrs) and only parts of their faults usually break. Magnitudes equal to 7.7 have been assigned for both these earthquakes for the purpose of the present paper.
After the application of the procedure described above 218 shallow circular focal regions have been identified in the Aegean and its surrounding area. A mapping of these regions revealed that in many cases there is overlap of adjoining focal regions.
In addition to the shallow (h≤60km) focal regions defined in the present work, there have been also defined in the southern part of the Aegean area four (4) 
Orientations of the Largest Faults and Their Slip Vectors
The orientation of a seismic fault is defined by its strike, ξ (the angle between the intersection of the fault and horizontal plane with the north direction), and by its dip, δ (the angle between the intersection of the fault plane and the normal to the fault strike vertical plane and the horizontal projection of this intersection). The slip vector, which shows the slip direction of the hanging wall of the fault, is determined by the rake, λ (the angle between the slip vector and the strike direction of the fault) and defines the kind of faulting (normal, thrust, strike-slip dextral or strike-slip sinistral).
To define the strike, ξ, the dip, δ, and the rake, λ, for the main fault of a focal region, i.e. the fault where the largest earthquake in this region has occurred, all reliable fault plane solutions which are available for earthquakes located in the corresponding focal region have been used to determine a typical solution by a method proposed by Papazachos and Kiratzi (1992) . This typical fault plane solution is adopted as the fault plane solution for the corresponding main fault.
In many cases we encountered the following situation: the typical fault plane solution for a certain focal region, (B), was of the same type with the solution determined earlier for an adjoining focal region, (A), where the magnitude of the largest earthquake was larger than the magnitude of the largest earthquake in region (B). Taking this fact into account we incorporated all data (earthquakes and fault plane solutions) of the region (B) in the region (A) in the cases of significant overlap of both regions. This resulted in 151 typical fault plane solutions. We then compared the values of strike, dip and rake of these solutions with the corresponding values determined for the major faults in the Aegean and surrounding area (Papazachos et al., 2001) . We found that the values of the attributes (strike, dip, rake) of the majority of these 151 typical fault plane solutions were close to those of Papazachos et al. (2001) which were based on a large amount of well documented seismological and geological data. For this reason, the information on the strike, ξ, dip, δ, and rake, λ, listed in table (1) for almost all typical fault plane solutions comes from the work of Papazachos et al. (2001) . In the same table corresponding symbols are used to denote thrust faults in the subduction area (TS), thrust faults in the continental area (TC), normal faults (N), strike-slip dextral faults (SD) and strike-slip sinistral faults (SS). Figure ( 1) shows on a map of the Aegean area these 151 main faults denoted with the corresponding symbols. The length of the symbols used to denote these faults is proportional to the length calculated according to the relations presented in the next section whereas the center of each fault coincides with the center of the respective focal region.
Length, Width and Slip of Main Faults
Several empirical relations between the basic fault parameters (fault length, width, fault slip) and the magnitude of the corresponding earthquake have been proposed (Kanamori and Anderson 1975 , Bonilla et al. 1984 , Wesnousky 1986 , Wells and Coppersmith 1994 , Smith and Stock 2004 , Papazachos and Papazachou 2003 . There are, however, differences among these relations which stem from uncertainties of the data used. Papazachos et al. (2004) used a considerable number of published reliable global data which are homogeneous (fault parameters estimated by the same method, earthquake magnitudes in the same scale), fairly accurate (accurate fault parameters, magnitudes) to relate the fault length, L (in km) and the fault width, w (in km) of the fault as well as the mean slip (displacement) of a fault, u (in cm) with the moment magnitude, M for three kinds of faults (strike-slip faults, dip-slip continental faults and dip-slip faults in subduction regions). These relations are as follows:
(a) Strike-slip faults (F 1 ) logL = 0.59M -2.30, 
Declustering of Data
Declustering of data means the use of the original catalogue described in section (2) to create a catalogue that includes mainshocks only. Earthquakes of the original catalogue included in a focal region are spatially and temporally clustered and a procedure must be applied to make a temporal declustering of these earthquakes by excluding associated shocks. Such shocks are the ones preceding (preshocks) or following (postshocks) each mainshock in the focal region. Such declustering is performed in the present work by assuming that the preshock period is equal to the postshock period and independent of the mainshock magnitude. As a measure of clustering the ratio, C v =σ/Τ, is used where T is the mean repeat time of the earthquakes of the cluster and σ is its standard deviation (Kagan and Jackson, 1991) . C v takes a value: equal to 1 for Poissonian distribution, larger than 1 for clustered shocks, equal to zero for periodic generation of shocks and an intermediate value (e.g. C v =0.5) for quasi-periodic behavior as are the earthquakes which follow the time predictable model. Thus, the optimum time duration of associated shocks (preshocks, postshocks) for which a proper declustering is obtained is that one for which C v takes its smallest value. To define this optimum time duration the following procedure was followed:
By using a circle with center coinciding with the center, E, of each focal region and a constant radius, R (e.g. R=50 km), the sample of all earthquakes which occurred during the instrumental period (M≥5. and have epicenters within the circle is defined. Considering the largest earthquake of the sample as the largest mainshock we excluded from the initial sample all shocks which occurred within a time window ±0.5 yrs from the origin time of the largest mainshock. This procedure is repeated on the remaining sample and so on till all mainshocks of the region are defined. If the number of these mainshocks is larger than three (n≥3), the mean return period, T, its standard deviation, σ, and their ratio, C v , for Δt=±0.5 yrs are defined. This is repeated for several time windows (0.5, 1.0, …, 9.5, 10.0 yrs) and the corresponding pairs of time windows and C v are formed. This procedure is followed for the mainshocks occurred in the instrumental period in each one of the regions with centers, E, and the same radius (e.g. R=50 km) and the average C v,ave value is calculated for each of the defined time windows. Figure ( 2) is a plot of C v,ave as a function of Δt for R=50 km and another such plot for R=100 km. It is obvious that in both plots the value of C v,ave decreases with time up to Δt=8.5 yrs where C v,ave =0.50 and that for larger time windows C v,ave is practically constant. It is, therefore, concluded that declustering must be made in each originally defined focal region by excluding preshocks and postshocks which occurred in a time window ±8.5 yrs from each mainshock of the focal region. It is also concluded that σ=0.50·Τ, which is an important result used in the next section to define completeness of the historical data.
Fig. 2. Variation of the average value of the ratio C v (=σ/T) with the duration of the time windows (in years) before (t f ) and after (t a ) a mainshock. All earthquakes that occurred in these time windows are considered as associated shocks (preshocks and postshocks, see text for explanation).
To decluster the initial sample of earthquakes included in each focal region and define the mainshocks of this region, the following procedure is applied: The largest earthquake of the focal region is considered as mainshock and all shocks of the region which occurred within a time window ± 8.5 yrs from the origin time of the largest mainshock are excluded. The same procedure is applied on the remaining sample to determine the second largest mainshock, etc. till all mainshocks of the focal region are defined. Thus, the mainshocks of all focal regions form the catalogue of mainshocks of the whole Aegean area. 
Parameters a 1r and a 2r are the reduced values of a 1 and a 2 to one year. The parameter a 2 can be also calculated by the relation:
Then, the mean return periods for the mainshocks are given by the relations: 
The values of the scaling parameters (b 1 =0.78, b 2 =1.98) can be considered constant and holding for all focal regions. For this reason, if instrumental data for mainshocks with M≤7.0 are available for a particular focal region, relation (6) can be used to calculate a 1 and relation (10) to calculate a 2 for this region. Then, relation (11) or relation (12) can be used to calculate the mean return period. 
Completeness of Historical Mainshocks
Another basic requirement of any historical earthquake catalogue, in addition to the homogeneity in the magnitude determination, is the assessment of its completeness, i.e. the assessment of the minimum magnitude above which the catalogue is considered to be fully reported. Furthermore, completeness is defined for historical mainshocks with M≥6.5 in each circular region (E, R=100km) where E are the centers of the 151 shallow focal regions. For this purpose we used the information for the mainshocks that occurred during the instrumental period and are located within the circle (E, R=100km) to determine the value a 1 by the relation (6) assuming b 1 =0.78. Then, we used these two values and b 2 =1.98 to calculate a 2 by the relation (10). After reducing a 1 and a 2 to one year (a 1r , a 2r ) we can use the relations (11, 12) to calculate mean return periods for any historical earthquake. For example, we considered all mainshocks which are located within the circle (E, R=100km) and for each of them we calculated its mean return period, T, by applying relation (11) or (12) according to its magnitude. Then, the time period T * =T+2·σ (with σ=C v ·T=0.50·T) is calculated and subtracted from the origin time, t e , of the earliest strong (M≥6.0) mainshock of the instrumental period to define a time t=t e -T * . If the mainshock occurred after this time, t, it is included in the complete data, otherwise it is not. In this way each circular region (E, R=100km) includes epicenters of mainshocks which occurred during the instrumental and historical times and form complete samples of mainshocks. Information on the completeness of mainshocks in each focal region is given in table (1). 1786-6.6, 1767-6.7, 1723-6.9, 1636-7.1, 1469-7 
Conclusions
The present work aimed at facilitating seismic hazard studies by proposing a methodology of identification of focal regions. Such a region includes the main fault where the largest mainshock occurs, and smaller faults where smaller mainshocks also occur. These focal regions can be considered as spatial clusters of earthquakes. Clustering is usually attributed to foreshocks and mainly to aftershocks but even if these shocks are omitted from the data clustering still prevails, because spatial clustering occurs not only in the rupture zone of a mainshock but also in a broader area where other mainshocks occur.
The proposed methodology is applied in the Aegean area where 155 focal regions and their respective main faults were identified. This number of focal regions can be compared to that of Papazachos et al. (2001) who, using a large amount of seismological (distribution of epicentres, macroseismic information, focal mechanisms) and geological data (surface fault traces, stratigraphic and geomorphological data), determined the properties of 160 faults where the known major (M≥6.0) shallow earthquakes have occurred in the Aegean area. Fault dimensions and maximum slip were determined by appropriate global relations for each kind of faulting. We found that the lengths of thrust and normal faults are smaller than the lengths proposed by Papazachos et al. (2001) for the same faults whereas strike-slip faults are larger. The earthquakes within each focal region were declustered in time, in order to identify the mainshocks of the region. It is found that the mainshocks exhibit quasi-periodic behaviour when the preshock and postshock time periods are both equal to 8.5 years. Regarding the completeness of the historical part of the earthquake catalogue used we found that this catalogue is complete since 1845 for mainshocks with M≥6.5 in the whole Aegean area. In many focal regions, however, completeness for earthquakes with magnitudes larger than 6.5 are extended further back in time.
